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Abstrat
We study the multi-wavelength signal indued by pairs annihilations at the Galati
enter (GC) of a reently proposed dark matter (DM) andidate. The weakly in-
terating massive partile (WIMP) andidate, named A−, is the rst Kaluza-Klein
mode of a ve dimensional Abelian gauge boson. Eletroweak preision tests and
the DM osmologial bound onstrain its mass and pair annihilation rate in small
ranges, leading to preise preditions of indiret signals from what onerns the par-
tile physis side. The related multi-wavelength emission is expeted to be faint,
unless a signiant enhanement of the DM density is present at the GC. We nd
that in this ase, and depending on few additional assumptions, the next generation
of gamma-ray and wide-eld radio observations an test the model, possibly even
with the detetion of the indued monohromati gamma-ray emission.
Key words: Extra Dimension, Dark Matter, Indiret Detetion, Galati Center
PACS: 11.10.Kk, 12.60.-i, 95.35.+d, 98.35.Jk
In the last deades gravitational evidenes for dark matter (DM), based on dif-
ferent observables, suh as rotation urves, veloity dispersions, gravitational
lensing, large sale struture maps and osmi mirowave bakground (CMB)
anisotropies have been aumulated at the galati, luster and osmologial
sales. Still, the identiation of the DM omponent remains one of the most
hallenging issue of the physis today (for reent reviews see (1; 2)). Weakly
interating massive partiles (WIMPs) are a well motivated lass of andi-
dates for the nonbaryoni omponent. The WIMP paradigm is wellknown:
In thermal equilibrium in the primordial bath, WIMPs deouple in the non
relativisti regime and the weak interation leads the reli abundane to be
of the order of the mean energy density of DM in the Universe today. Being
(weak) interating partiles, WIMPs an annihilate in pairs in astrophysial
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Fig. 1. Left Panel: For a few seleted values of the DM mass, isolevel urves of the
parameter spae (∆b = (Mb
−
−MA
−
)/MA
−
, ρs) in whih the A− reli abundane
mathes the best t value ΩDMh
2
from osmologial observations. The solid and
dashed lines refer to the two dierent setups desribed in the text. Right Panel:
Gamma-ray and eletron/positron dierential spetra per annihilation of the DM
andidate A− in the minimal framework.
strutures, induing detetable signatures, suh as antimatter and neutrino
uxes, and multiwavelength spetra. Complementary to diret DM searhes
and to ollider experiments testing extensions to the standard model (SM) of
partile physis embedding a WIMP andidate, indiret detetion an provide
ruial information about the fundamental nature of DM.
In Ref. (3) a new viable DM andidate was introdued. It is embedded in a at
ve dimensional (5D) model ompatied on an orbifold S1/Z2, with gauge-
Higgs uniation and expliit Lorentz symmetry breaking in the bulk (4; 5; 6).
The DM andidate, named A−, is the rst KaluzaKlein (KK) mode of an
Abelian 5D antiperiodi gauge boson eld. It is the lightest KK partile odd
under the mirror symmetry, a disrete Z2 symmetry introdued in Ref. (6) to
improve the naturalness of the model, namely to redue the ne-tuning needed
to stabilize the eletroweak (EW) sale. In a relevant fration of the parameter
spae, the DM andidate is nearly degenerate with the lightest antiperiodi
fermion b− and the antiperiodi gluon g− (see the mass spetrum in Fig. 1
of (3)). The mass for the rst KK mode of antiperiodi elds is given at tree
level by:
Mg
−
=
ρs
2R
, MA
−
=
ρ
2R
, Mf
−
=
√√√√m2f +
(
kf
2R
)2
, (1)
where f− denotes an antiperiodi fermion, R is the ompatiation radius of
the overing irle S1, ρi and kf are the Lorentz breaking parameters of gauge
boson and fermion respetively, andmf is the fermioni bulk mass. EW bounds
fore the ompatiation sale of the model in the MultiTeV regime (6), lead-
2
ing to a lower bound for the DM mass:MA
−
& 2.35 TeV, assuming ρ ∼ 1. The
A− pair annihilation rate is quite small (σannv . 5 ·10
−28cm3s−1) ompared to
WIMPs in more standard senarios (e.g. the lightest neutralino in supersym-
metry and the B1 in universal extra dimension (UED) senario, see Ref. (1));
however, being b− and g− strongly interating partiles, oannihilation eets
greatly enhane the eetive annihilation rate, leading to reli abundanes
allowed by osmologial observations. The urves in Fig. 1a show the mass
splitting between the DM andidate and the oannihilating partiles, suh
that the A− reli density mathes the osmologial amount of DM today (7).
They are expressed in terms of (∆b, ρs) with ∆b ≡ (Mb
−
−MA
−
)/MA
−
, tak-
ing into aount radiative orretions as desribed in Ref. (3). Fig. 1a shows
two dierent setups. Indeed, the gauge group of the model is G × G′, where
G = SU(3)w × SU(3)s × U(1)1 and G
′ = SU(3)′s × U(1)
′
as in the rst on-
strution of Ref. (6) (dashed lines) or G′ = U(1)′ as in the framework (in
the following alled minimal framework) onsidered in Ref. (3) (solid lines);
antiperiodi gluons are present only in the rst setup and dierenes between
the two ases for what onerns the dark matter reli density omputation are
desribed in Ref. (3). Combining EW and osmologial bounds, the A− mass
is onstrained in the narrow window 2.35 - 5 TeV. Naturalness arguments an
restrit even more the parameter spae of the model. Indeed the value for the
mass preferred by EW observables is ∼ 3 TeV (6) and the ne tuning asso-
iated to the DM reli density is minimized by the minimal framework (3),
where A− annihilates only with b−, leading to (Mb
−
−MA
−
)/MA
−
. 7% (see
Fig. 1a).
Couplings with SM fermions are highly suppressed
1
sine the latter (with the
exeption of bottom and top quarks) are mainly loalized on the 4D brane at
y = 0, where the A− wavefuntion vanishes, being antiperiodi on S
1
. As we
an see from the mass spetrum in Ref. (3), some nonstandard states are en-
ergetially aessible by the A− pair annihilation. They belong to SU(2)w sin-
glet, doublet or triplet representation and they are the rst massive eigenstates
obtained from the diagonalization of the Lagrangian desribing the oupling
between 5D periodi fermions and 4D loalized fermions. NonSM singlets
and doublets are the KK exitations of the SM fermions and they are mainly
loalized. The ase of triplets is dierent: they are not oupled with boundary
elds and their wavefuntions are onstant in the bulk, hene largely over-
lapping the A− wavefuntion. Moreover the assoiated number of degrees of
freedom is huge and so the dominant nal states of the A− annihilation ross
setion are triplets fermions. More preisely the annihilation branhing ratios
are: 75% into b+b¯+, 24% into τ+τ¯+ (with b+ and τ+ being the SU(3)w triplet
of the bottom and tau tower, respetively) and 1% into SM quarks. The sub-
1
This fat implies a very small elasti sattering ross setion between A− and light
quarks, and the expeted diret DM signals are well below the sensitivity of urrent
detetion experiments.
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sequent deays of b+ and τ+ generate quark pairs (38%), τ lepton pairs (6%)
and neutrinos (6%), harged (25%) and neutral (12%) weak gauge bosons, and
Higgs bosons (12%).
Photons annot be diretly produed by WIMP pair annihilations at tree level.
A ontinuum photon spetrum is generated in asades with hadronization of
unstable two-body annihilation nal states into π0s and their subsequent de-
ays. The energy of these photons is in the γ-ray band. Eletrons and positrons
an be diretly or indiretly produed in WIMP pair annihilations as well. The
assoiated radiative proesses an at as soure for a multiwavelength spe-
trum overing from radio to softgamma ray frequenies. In Fig. 1b we show
the dierential energy spetra per A−annihilation into γ-rays and e
+
− e− in
the minimal DM framework (variations of the DM mass within the allowed
range do not aet the spetra in a sizable way). In the rst ase, on top of the
spetrum originated from π0 deay, we onsider the ontribution of primary
gamma-rays from nal state radiation following the line of Refs. (8) and (9).
We derive the dierential yields through simulations of deay and hadroniza-
tion performed with the PYTHIA MonteCarlo ode (10). The two spetra
are soft sine quarks and gauge bosons are the dominant annihilation modes.
From the point of view of indiret searhes, this feature distinguishes A− from
the UED WIMP andidate B1 (11; 12), whose pairs annihilation branhing
ratios are dominated by harged leptons and harder spetra are produed. The
eletron/positron and gamma-ray yields of Fig. 1b are at a omparable level,
being mostly generated by the prodution and deays of harged and neutral
pions, respetively, with the two hains having analogous eieny.
As listed in Table 2 of Ref. (3), all the A−-annihilation proesses our through
t or u-hannels mediated by an antiperiodi fermion. At a given DM mass,
the only free parameter aeting in a sizable way the ross setion omputa-
tion is the mass of the mediator. As already mentioned before, in the minimal
DM framework, the reli abundane is driven mostly by the b− oannihila-
tion, highly onstraining Mb
−
and hene kb (see Eq. 1). It leads the total A−
annihilation ross setion within a small range, sine the triplet pairs assoi-
ated to the bmultiplet are the dominant annihilation modes. The 5D Lorentz
symmetry breaking was introdued to ahieve the orret value for the top
mass; the Lorentz breaking parameter ki assoiated to other fermions an be
safely taken ∼ 1. For our purposes kb and kτ are relevant in the omputation
of the annihilation ross setion in the nonminimal senario, where we as-
sume ki . 2. The allowed total annihilation ross setions as a funtion of the
WIMP mass are shown in Fig. 1 by the lled band; in the minimal framework
this region shrinks to its upper boundary.
The WIMP andidate we onsider has a small annihilation rate and a quite
heavy mass. Looking for a WIMP indued signal might seem hopeless, unless
we onentrate on a region where the DM density is very large and where
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emissions from other astrophysial soures are faint. In the following we fous
on photon emissions at the Galati Center (GC), where the rst ondition is
denitely fullled, while the seond is not ompletely satised, at least in the
wide range of frequeny over whih a soure labeled Sgr A
∗
has been deteted.
On other hand, the luminosity assoiated to this soure turns out to be quite
low, at a level omparable to the expeted DM signal.
In the determination of the A−-indued emission, the ingredients related to
the partile physis side are quite stritly onstrained, while the astrophysi-
al unertainties remain large, as for any WIMP model. The Milky Way DM
halo prole is not ompletely established, in partiular for what onerns its
inner region. As well known, there is some tension between Nbody simula-
tion results and observations of spiral galaxies about the entral usp/ore.
Suiently bright DM signals, at the level needed to test the WIMP model
under investigation, appear only for halo proles with a large overdensity in
the GC region. We follow the analysis in Ref. (13) and fous our attention on
a distributions obtained from the evolution of a Navarro-Frenk-White (NFW)
prole (14), inluding the deepening in the Galati potential well generated
by the slow adiabati formation of the supermassive blak hole (SMBH) and
of the stellar omponent in the inner Galaxy. In suh prole, hereafter labeled
Asp, the eet of self annihilation triggers the density in the innermost region.
The numerial proles were kindly provided by the authors of Ref. (13) for
values of (σv) and MDM in the lled band in Fig. 1, while we derive saling
laws in the rest of the parameter spae starting from results reported again in
Ref. (13).
In the GC ase, synhrotron radiation and, to a smaller extent, inverse Comp-
ton sattering on CMB and starlight are the most signiant radiation meha-
nisms. The estimation of the assoiated emissions requires a desription of the
eletrons/positrons propagation and of their energy transfers after prodution
in WIMP annihilations. We need a model of the galati medium, to x the
diusion oeient, the magneti eld, the advetive/onvetive veloity and
the absorption eets. For this treatment we refer to Ref. (15).
The ompat radio soure Sgr A
∗
assoiated to the SMBH has been deteted
at the GC (see the atalog in Ref. (16) and referene therein), together with
its infrared (17) and X-ray (18) ounterparts. A gamma-ray emission from
the GC region has been deteted as well (19; 20), but with experimental an-
gular resolutions not suient to identify the soure and its preise loation.
Any of the portions of suh multiwavelength spetrum turns out to be in-
ompatible with emissions indued by WIMP annihilations and the deteted
signals will be exploited here to derive upper limits. Also diuse emissions
from the inner region of the Galaxy has been deteted at dierent frequeny
bands, and, in ase of shallow DM halo prole, an severely onstrain WIMP
models. The proedures implemented to extrat the limits shown in Figs. 1a
5
2.5 3 3.5 4 4.5
MDM [TeV]
10-30
10-28
10-26
10-24
10-22
σ
v
 [c
m3
s-
1 ]
Davies et al.
A
sp
HESS
VLA (LaRosa et al.)
CTA
CHANDRA
EVLA
CHANDRA
2.5 3 3.5 4 4.5 5
MDM [TeV]
10-29
10-27
10-25
10-23
10-21
σ
v
 [c
m3
s-
1 ]
CHANDRA
Davies et al.
HESS
CTA
VLA (LaRosa et al.)
NFW
EVLA
Fig. 2. Exlusion limits on the A− annihilation ross setion as a funtion of the
WIMP mass. The Left and Right Panels show the ases of Asp and NFW proles,
respetively.
and 1b were outlined in Ref. (15). We assume A− aounting for the whole
DM ontent of the Universe and all the numerial alulations are performed
with the help of the DarkSUSY pakage (21). Together with bounds assoiated
to the mostly investigated prole in this Letter, i.e. the Asp prole, we om-
pute, for omparison, limits on the WIMP parameter spae in ase of a NFW
prole, namely the mostly investigated ase in the literature. We plot the
tightest bounds in gamma-ray and radio bands obtained from spetral and
angular analysis, omparing the WIMP signals with the emission deteted
by the γ-ray air Cherenkov Telesope (ACT) HESS (20; 22) and with upper
bounds in the radio surveys of Refs. (23) and (24). In the X-ray band, syn-
hrotron emission would require very strong magneti eld, espeially in ase
of soft eletron/positron spetrum. This ould be possible only in the inner-
most region of the Galaxy, depending on the model onsidered for aretion
ow around SMBH, hene the size of the DM indued soure is very small.
Limits on WIMP parameter spae an be extrated by the omparison with
the Sgr A
∗
emission deteted by the Chandra observatory (18), but they are
highly model dependent. We plot the weakest onstraint among the three ases
with dierent hoie of magneti eld radial prole of Ref. (15). The angular
size of the emission indued by the inverse Compton sattering on CMB is
muh larger and the signature estimate involves more reliable assumptions on
the magneti eld strength at larger sales. The limit extrated by the om-
parison with the deteted X-ray diuse emission (25) (dashed-dotted lines)
is muh less onstraining (but more robust) with respet to the limit asso-
iated to the pointlike synhrotron soure (dotted lines); the fat that the
latter is exluding the whole A− parameter spae in the Asp ase should not
be overemphasized, given the ritial extrapolations involved in this result.
Then we derive projeted limits from forthoming gamma-ray surveys and
wide-eld radio observations. For heavy WIMP models, the parameter spae
6
an be more eiently studied by ACTs rather than spae satellites, due to the
dierent energy ranges of detetion. We onsider the next generation of ACT,
under development by the Cherenkov Telesope Array (CTA) projet, and
sheduled for 2013, assuming performanes as outlined in (26). A diuse radio
emission was reported both in the Milky Way atlas of Ref. (27) and in the GC
image of Ref. (28). However, the two surveys have too poor angular resolutions
to resolve the spatial prole of the emission in the innermost region. In the
GC map of Ref. (24), suh emission does not seem ompletely isotropi and
tight onstraints are derived from pathes of the map with no astrophysial
bakground. The radio projeted limits plotted in Figs. 1a and 1b are extrated
again following Ref. (15), but assuming a detetor sensitivity improved by a
fator 10, as proposed in the EVLA projet (29).
The sale at whih the formation of the SMBH ould have inuened the DM
distribution is far below the resolution of both numerial simulations and ob-
servations. The related DM spike in the Asp prole greatly enhanes signals
in the innermost region of the GC and the omparison with the Sgr A
∗
soure
is very onstraining, espeially for (σv)/MDM & 10
−32cm−3s−1GeV −1 (13).
The limits assoiated to diuse emissions are less onstraining, sine involve
angular sales where the enhanement in the DM distribution Asp is less pro-
nouned with respet to an NFW prole, being related to the deepening in
the potential well indued only by the stellar omponent. For the same reason,
being the DM indued radio soure more extended than the DM soure itself,
and thus than the gamma-ray soure, the bound assoiated to wide eld radio
signal is less stringent with respet to gamma-ray limit in ase of Asp prole.
The piture is reversed for the NFW distribution. In ase of Asp prole, all
the multi-wavelength onstraints extrated from past surveys, exluding the
synhrotron X-ray bound, do not limit the region allowed by osmologial and
EW bounds (lled band). On the other hand, in the next deade, the model
ould be ompletely tested through its gamma-ray emission by the CTA ex-
periment. The plotted exlusion urve is omputed assuming an eetive area
Aeff = 1 km
2
and an exposure time texp = 250 hours in 5 years of ollet-
ing data. Depending on the properties of the galati radio diuse emission
at small sales, the EVLA projet ould test the A− radio prole in a large
fration of the parameter spae, overing basially the whole region of the
minimal DM framework. In the ase of NFW prole, no signiant onstraint
an be derived. Note however that radio wide eld observations an be muh
more eient than gamma-ray measurements.
Radio observations with a wide eld of view have deteted extended emis-
sions from the GC region. In Fig. 3a we plot shemati representations of the
angular shape of the signals at 90 m, as deteted in the map of Ref. (24)
(FWHM=43") and Ref. (28) (FWHM=40'). For both we sketh the prole
of the extended soure along its longitudinal axis. The level of the DM in-
dued emission ltered over the same experimental angular resolutions is also
7
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Fig. 3. Left Panel: Angular proles of the expeted DM indued synhrotron soure
(solid lines) and of the deteted diuse emissions (dotted lines) at 90 m in the sur-
veys of Refs. (24) (green) and (28) (blak). The DM signal prole is shown also for
a hypothetial EVLA observation with FWHM=200"(red). We onsider as benh-
mark ase the Asp halo prole, MDM = 3 TeV and σannv = 3 ·10
−28cm3s−1. Dashed
lines show the experimental sensitivities. Right Panel: For a few seleted values of
the DM mass, detetability of a monohromati gamma-ray signature by the CTA
projet as a funtion of eetive area × exposure time. The latter is expressed in
terms of 1 km
2
× 50 hours, whih an be onsidered as a onservative estimate for
one year of observation by CTA.
shown, together with the 3σ sensitivity of the detetors. We take as benh-
mark ase for the A− andidate, a mass of 3 TeV and an annihilation rate
of σannv = 3 · 10
−28cm3s−1. The DM distribution onsidered is again the Asp
prole. If the astrophysial radio diuse emission is approximately isotropi
at any sales, bounds on WIMP parameter spae that ould be extrated are
not so stringent, as shown by the green urves, whih is averaged over an
angular resolution of 40 armin. On the other hand, if, on smaller sales, re-
gions without ontamination from astrophysial bakground are present, this
type of surveys seems to be very promising, as shown in partiular by the red
urves, representing a hypothetial observation by EVLA with FWHM=200".
However, this piture is probably based on a too optimisti assumption and
it has to be onsidered as a limiting ase.
So far we have onsidered only ontinuum energy spetra of photons and ele-
trons/positrons. The oupling between A− and eletrons is very tiny, sine the
latter are ompletely loalized on the 4D brane at the boundary of the extra
dimension. Thus, for our purposes, the prompt emission in monohromati
eletrons and positrons an be negleted. Even if a gamma-ray ontinuum
signal from DM annihilation exeeds the astrophysial bakground, the iden-
tiation of the DM omponent, whih involves the exlusion of any other
astrophysial explanation, ould be a diult task. The real smoking gun
of a DM indued gamma-ray signal would be a monoenergeti spetral signa-
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ture. By denition, the DM oupling with photons is highly onstrained, but
a diret WIMP annihilation into γγ at one-loop level is allowed, produing
photons with energy Eγ ≃ MDM , being WIMPs non-relativisti. Sine A− is
an Abelian gauge boson, this proess an our through fermioni boxes. The
main ontribution is given by fermion triplets in the loop, for the same reason
(i.e. the deloalization) stated above referring to the tree level annihilation
into fermions. The ross setion omputation is performed following Ref. (30),
and obtaining σγγv ≃ 2 · 10
−4 σannv. The total number of events assoiated
to DM annihilations into monohromati γγ in a detetor pointing to the GC
diretion with angular resolution ∆Ω, is given by:
Nline = 1.9 10
−13
σlinev
10−31cm3s−1
(
TeV
MDM
)2
J¯(∆Ω)∆Ω
Aeff
m2
T
s
. (2)
The quantity J¯(∆Ω), ontaining all the spatial information, is dened as:
J¯(∆Ω) =
1
8.5 kpc
(
1
0.3GeV/cm3
)2 2π
∆Ω
∫
dθ exp
(
−
tan2 θ
2 tan2 θd
) ∫
l.o.s.
ρ2(l)dl
(3)
where ρ is the DM halo prole, θ is the angular o-set with respet to the
GC and l is the oordinate along the line of sight. In Eq. 3 we onsider a
irular Gaussian angular resolution of width θd for the detetor. The ratio
between the gamma-ray signals originated in an Asp and an NFW proles is
given by the ratio: b = J¯Asp(10
−5sr)/J¯NFW (10
−5sr), assuming ∆Ω = 10−5 sr
for modern ACTs. In the range of mass and ross setion of the A− model, it
approximately follows the law: b ≃ 104 [(σannv/10
−28cm3s−1) (TeV/MDM)]
−0.8
.
The dependene from the ratio σannv/MDM reets the fat that the initial
DM distribution, from whih the Asp prole is derived, has a spike around
the SMBH. In this ase, self-annihilations frequently our in the innermost
region, triggering the nal shape.
The number of events assoiated to the γ-ray ontinuum bakground in a CTA
bin an be obtained integrating the spetrum of the deteted GC soure and
of the misidentied showers from hadrons and eletrons (31) over an energy
resolution of 10%. The probability of disentangling Nl events assoiated to the
DM indued gamma-ray line from Nbg events of the ontinuum bakground is
related to σdet = Nl/
√
Nbg + ǫ2sysN
2
bg, where ǫsys gives the level of systemati
errors, taken to be 1% for CTA (26). We estimate Nl to be a fration ǫDM ∼
2.7% of the total number of events. At xed systemati error, the maximal
signiane whih an be ahieved inreasing the eetive area or the exposure
time is σmaxdet = ǫDM/ǫsys, i.e. the plateau in Fig. 3b. A onservative guess for
Aeff×Texp is 1 km
2
× 50 hours in one year of observation by CTA. As shown
in Fig. 3b, the prompt monohromati emission of γγ originated from A−
annihilation in an Asp halo prole needs an extra fator of 100 in Aeff×Texp
in order to be deteted at ∼ 3σ; this ould be reahed only with a quite larger
setup than the minimal designed and in several years of observation.
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To onlude, in this Letter we have outlined the properties of a DM andidate
reently proposed, skething its multiwavelength indiret signal from the GC.
Cosmology and EW preision tests x its mass and total annihilation ross
setion in a narrow window, whih is ompatible with the bounds assoiated
to the deteted emissions at the GC, but an be denitely tested by the forth-
oming gamma-ray and wide-eld radio surveys, if the Milky Way halo prole
is spiky. We also disuss the possible detetion of an indued gamma-ray line
in the same framework. On the other hand, in ase of NFW or more shal-
low proles, the model annot be onstrained through this multiwavelength
strategy.
We would like to thank G. Bertone and D. Merritt for kindly providing some
of DM halo proles whih have been used in this analysis. We also would like
to thank M. Serone and P. Ullio for useful disussions.
Referenes
[1℄ G. Bertone, D. Hooper and J. Silk, Phys. Rept. 405, 279 (2005)
[arXiv:hep-ph/0404175℄.
[2℄ D. Hooper and E. A. Baltz, arXiv:0802.0702 [hep-ph℄.
[3℄ M. Regis, M. Serone and P. Ullio, JHEP 0703 (2007) 084,
[arXiv:hep-ph/0612286℄.
[4℄ C. A. Srua, M. Serone, L. Silvestrini, Nul. Phys. B 669 (2003) 128
[hep-ph/0304220℄.
[5℄ G. Panio, M. Serone and A. Wulzer, Nul. Phys. B 739 (2006) 186
[arXiv:hep-ph/0510373℄.
[6℄ G. Panio, M. Serone and A. Wulzer, Nul. Phys. B 762 (2007) 189
[arXiv:hep-ph/0605292℄.
[7℄ D. N. Spergel et al. [WMAP Collaboration℄, Astrophys. J. Suppl. 170 (2007)
377 [arXiv:astro-ph/0603449℄.
[8℄ L. Bergstrom, T. Bringmann, M. Eriksson and M. Gustafsson, Phys. Rev. Lett.
94 (2005) 131301, [arXiv:astro-ph/0410359℄.
[9℄ A. Birkedal, K. T. Mathev, M. Perelstein and A. Spray, arXiv:hep-ph/0507194.
[10℄ T. Sjostrand, Comput. Phys. Commun. 82, 74 (1994).
[11℄ G. Servant and T. M. P. Tait, Nul. Phys. B 650 (2003) 391
[arXiv:hep-ph/0206071℄.
[12℄ H. C. Cheng, J. L. Feng and K. T. Mathev, Phys. Rev. Lett. 89 (2002) 211301
[arXiv:hep-ph/0207125℄.
[13℄ G. Bertone and D. Merritt, Phys. Rev. D 72 (2005) 103502,
[arXiv:astro-ph/0501555℄.
[14℄ J. F. Navarro, C. S. Frenk and S. D. M. White, Astrophys. J. 490 (1997) 493
[arXiv:astro-ph/9611107℄.
[15℄ M. Regis and P. Ullio, arXiv:0802.0234 [hep-ph℄.
[16℄ R. Narayan, R. Mahadevan, J. E. Grindlay, R. G. Popham and C. Gammie,
Astrophys. J. 492 (1998) 554 [arXiv:astro-ph/9706112℄.
10
[17℄ R. Genzel et al., Nature 425, 934 (2003) [arXiv:astro-ph/0310821℄.
[18℄ F. K. Bagano et al., Astrophys. J. 591 (2003) 891 [arXiv:astro-ph/0102151℄.
[19℄ H. A. Mayer-Hasselwander et al., Astron. Astrophys. 335, 161 (1998).
[20℄ F. Aharonian et al. [The HESS Collaboration℄, Astron. Astrophys. 425 (2004)
L13, [arXiv:astro-ph/0408145℄.
[21℄ P. Gondolo, J. Edsjo, P. Ullio, L. Bergstrom, M. Shelke and E. A. Baltz, JCAP
0407 (2004) 008 [arXiv:astro-ph/0406204℄.
[22℄ F. Aharonian et al. [H.E.S.S. Collaboration℄, Nature 439 (2006) 695
[arXiv:astro-ph/0603021℄.
[23℄ R. D. Davies, D. Walsh and R. S. Booth, MNRAS 177 (1976) 319.
[24℄ T. N. LaRosa, N. E. Kassim, T. J. W. Lazio and S. D. Hyman, Astrophys. J.
119 (2000) 207.
[25℄ M. P. Muno et al., Astrophys. J. 613 (2004) 326 [arXiv:astro-ph/0402087℄.
[26℄ http://www.mpi-hd.mpg.de/hfm/CTA/CTA_home.html
[27℄ Haslam, C. G. T., Salter, C. J., Stoel, H., & Wilson, W. E. 1982, A&AS, 47,
1
[28℄ T. N. LaRosa, C. L. Brogan, S. N. Shore, T. J. Lazio, N. E. Kassim and
M. E. Nord, Astrophys. J. 626 (2005) L23 [arXiv:astro-ph/0505244℄.
[29℄ http://www.ao.nrao.edu/evla/
[30℄ L. Bergstrom, T. Bringmann, M. Eriksson and M. Gustafsson, JCAP 0504
(2005) 004, [arXiv:hep-ph/0412001℄.
[31℄ L. Bergstrom, P. Ullio and J. H. Bukley, Astropart. Phys. 9 (1998) 137,
[arXiv:astro-ph/9712318℄.
11
